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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Zener zap diode having a barrier metal layer in 
its electrode structure and a stable Zener characteristic. 

SOLUTION: A Zener zap diode 40 has a barrier metal layer 64 in its electrode structure 
composed of an anode 54 and cathode 55. Separately from an insulating film 48 for 
separating element surrounding an active area, an insulating film 56 is provided in the 
electrode forming area of at least one 54 of the anode 54 and cathode 55 positioned below a 
field oxide film 60. A contact hole 62 having a large aspect ratio is formed through the field 
oxide film 60 and the insulating film 56 to connect one electrode to the diffusion area 58 
corresponding to the electrode. The electrode is connected to the corresponding diffusion 
area 58 through a contact plug composed of a wiring metal 66 and a thin barrier metal layer 
64 underlying the metal 66 in the contact hole 62. The thickness of the barrier metal layer 
64 is reduced by making the coverage at the time of forming the layer 64 worse by enlarging 
the aspect ratio of the contact hole 62 which connects the electrode to the diffusion area 
58. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device of 
having still such zener-zap diode and other semiconductor devices in the same substrate, about the 
zener-zap diode which has ON resistance stabilized in the detail about the zener-zap diode which has a 
barrier metal layer in the electrode structure of an anode electrode and a cathode electrode further. 
[0002] 

[Description of the Prior Art] As for zener-zap diode, it is common to constitute a cathode electrode and 
a base electrode for the emitter electrode of an NPN bipolar transistor as an anode electrode. 
Conventionally, aluminum or aluminum alloy is used for wiring linked to electrode structure and an 
electrode. And on the occasion of trimming, the so-called resistor trimming which impresses the 
excessive electrical potential difference (and current) of hard flow between the emitters used as the base 
used as an anode electrode and a cathode electrode, and carries out the destructive short circuit of the PN 
junction was performed. That is, when a high current flows to the hard flow of a PN junction, a local 
current concentration field occurs and temperature rises locally in the field. And if the temperature 
which produces rapid increase of a carrier is reached in this field, it will become a low resistance field 
momentarily and a PN junction will be destroyed, and further, when aluminum which aluminum fused 
according to that consecutiveness current, and was fused to anode-cathode inter-electrode Si interface 
flows, it is thought that trimming is carried out. The field where temperature becomes high locally is 
also called hot spot. Generally as a cause which a hot spot produces, the ununiformity of diffusion, a 
crystal defect, the ununiformity of heat leakage, etc. can be considered. By the way, it is becoming 
general to use refractory metal film like TiON for the electrode structure of a semiconductor device as a 
barrier metal with detailed-izing of a semiconductor device in recent years for migration control of 
aluminum metal in a wiring layer and control of aluminum in the contact part of a bipolar transistor and 
the reaction between Si. Zener-zap diode is formed in many cases in the process that it is usually the 
same on the same substrate as other semiconductor devices, for example, an NPN bipolar transistor, 
MOSFET, etc. Therefore, the refractory metal film is conventionally formed between aluminum alloy 
layer and a diffusion layer as a barrier metal with the electrode structure of zener-zap diode where 
aluminum or aluminum alloy was used as well as other semiconductor devices. 
[0003] Here, with reference to drawing 5 , the configuration of the conventional zener-zap diode 10 
(simply henceforth zener diode 10) which has a barrier metal layer in metal wiring is explained, n mold 
epitaxial semi-conductor layer 14 formed on the p type semiconductor substrate 12 as zener diode 10 
was shown in drawing 5 , p mold isolation field 16 formed in n mold epitaxial layer 14, The LOCOS 
oxide film 18 formed on p mold isolation field 16, It has p mold base diffusion field (anode field) 20 
formed in n mold epitaxial layer 14 surrounded with p mold isolation field 16 and the LOCOS oxide 
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film 18, and n mold emitter diffusion field (cathode field) 22 formed in p mold base region 20. 
Furthermore, field oxide 24 was formed on n mold epitaxial layer 14, and the anode electrode 26 and the 
cathode electrode 28 have connected with p mold base region 20 and n mold emitter region 22 through 
the contact hole which penetrates field oxide 24, respectively. The anode electrode 26 and the cathode 
electrode 28 have the laminating electrode structure of the barrier metal layers 30, such as TiON, and the 
aluminum alloy layer 32, respectively. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, with the electrode structure of haying the barrier 
metal layer of above-mentioned zener diode, since a refractory metal like TiON, as a barrier metal layer 
is formed between Si diffusion layer and aluminum, the principle of the zener diode which such 
electrode structure makes aluminum and Si react by resistance generation of heat, and is made to short- 
circuit between an anode-cathode is contrary, and barrier metal checks formation of aluminum filament. 
For this reason, there was a problem that ON resistance at the time of the destructive short circuit of a 
PN junction varied. And since zener-zap diode is usually manufactured at the same process as other 
semiconductor devices, for example, a bipolar transistor, MOSFET, etc., and the same process, if it is 
going to form only the electrode of zener diode, and metal wiring in the independent layer of aluminum 
which does not have a barrier metal layer, or aluminum alloy, it will cause increase of a routing counter 
and will not pay well economically. Moreover, although the electrode configuration which electric field 
tend to concentrate at the time of the destructive short circuit of a PN junction, and the pattern 
configuration of a diffusion layer were proposed as an approach which is stabilized and forms aluminum 
filament, as long as barrier metal was used, there was no change in barrier metal checking formation of 
aluminum filament, and the effectiveness was insufficient. 

[0005] Then, the purpose of this invention is offering the zener-zap diode which has a barrier metal layer 

in electrode structure, and has ON resistance moreover stabilized. 

[0006] 

[Means for Solving the Problem] this invention person thought as follows m the problem solving. That 
is, it is a premise to be formed in the process that it is the same on the same substrate as other 
semiconductor devices, therefore zener-zap diode needs to carry out a barrier metal layer membrane 
formation process like formation of other semiconductor devices, for example, MOSFET, or the 
electrode structure of a bipolar transistor at formation of the electrode structure of zener-zap diode. 
Otherwise, a routing counter will increase and cost will increase. Then, on the occasion of formation of 
the electrode structure of a semiconductor device of having zener-zap diode, I thought whether only the 
barrier metal layer of zener-zap diode could make the thickness very thin thickness. And by enlarging 
the aspect ratio of the contact hole which connects an electrode and a diffusion field, and worsening the 
coverage in the case of membrane formation of a barrier metal layer, it hits on an idea of thin-film-izing 
a barrier metal layer, and came to complete this invention. 

[0007] In order to attain the above-mentioned purpose, based on above-mentioned knowledge, the 
zener-zap diode concerning this invention In the zener-zap diode which has a barrier metal layer in the 
electrode structure of an anode electrode and a cathode electrode Under the field oxide of the electrode 
formation field of one [ at least ] electrode of an anode electrode and a cathode electrode The big contact 
hole of the aspect ratio which another insulator layer was prepared and penetrated field oxide and 
another insulator layer In order to connect one electrode to the diffusion field corresponding to the 
electrode, opening is carried out, and one electrode is characterized by connecting with a 
correspondence diffusion field through the contact hole embedding plug which consists of a wiring 
metal and a thin barrier metal layer of the lower layer. 

[0008] The thickness of another insulator layer currently formed by this invention is the thickness which 
can form the contact hole of a required aspect ratio. It is made to be the same thickness suitably in the 
membrane type as the insulator layer for isolation surrounding an active region with same another 
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insulator layer. Thereby, another insulator layer and the insulator layer for isolation can be formed at the 
same process process. Moreover, in practice, the cathode field and anode field of zener-zap diode are 
constituted by the emitter diffusion layer and base diffusion layer of an NPN bipolar transistor, 
respectively. 

[0009] With the electrode structure of the zener-zap diode of this invention, since the aspect ratio of a 
contact hole becomes large by the thickness of another insulator layer which a contact hole penetrates 
compared with the contact hole of other semiconductor devices, also in case a barrier metal layer is 
formed at the same process as other semiconductor devices, the coverage of a barrier metal layer gets 
worse and the barrier metal layer of the bottom of a contact hole becomes very thin. Therefore, in the 
case of the destructive short circuit of the PN junction of zener-zap diode, a barrier metal layer is does 
not exist substantially at the same thing, and stable ON resistance can be realized. For the zener-zap 
diode of this invention, the diffusion layer of the bipolar component of structure or the diffusion layer of 
CMOS can usually be used as a diffusion layer of zener diode. 

[0010] In case the zener-zap diode of this invention and the semiconductor device which has an NPN 
bipolar transistor at least are manufactured, the emitter diffusion layer of an NPN bipolar transistor and 
the cathode field of zener-zap diode can be formed at the same process, and the base diffusion layer of 
an NPN bipolar transistor and the anode field of zener-zap diode can also be formed at the same process. 

[001 1] In case the zener-zap diode of this invention and the semiconductor device which has an NPN 
bipolar transistor at least are manufactured, n mold plug for collector ejection of an NPN bipolar 
transistor and the cathode field of zener-zap diode can be formed at the same process, and p mold 
isolation diffusion layer of an NPN bipolar transistor and the anode field of zener-zap diode can also be 
formed at the same process. 

[0012] Moreover, in case the zener-zap diode of this invention and the semiconductor device which has 
NMOSFET and PMOSFET at least are manufactured, the source / drain diffusion layer of NMOSFET, 
and the cathode field of zener-zap diode can be formed at the same process, and the source / drain 
diffusion layer of PMOSFET, and the anode field of zener-zap diode can also be formed at the same 
process. 

[0013] Furthermore, in case the zener-zap diode of this invention and the semiconductor device which 
has an NPN bipolar transistor and PMOSFET at least are manufactured, the emitter diffusion layer of an 
NPN bipolar transistor and the cathode field of zener-zap diode can be formed at the same process, and 
the source / drain diffusion layer of PMOSFET, and the anode field of zener-zap diode can also be 
formed at the same process. 

[0014] Furthermore, in case the zener-zap diode of this invention and the semiconductor device which 
has an NPN bipolar transistor and NMOSFET at least are manufactured, the source / drain diffusion 
layer of NMOSFET, and the cathode field of zener-zap diode can be formed at the same process, and the 
base diffusion layer of an NPN bipolar transistor and the anode field of zener-zap diode can also be 
formed at the same process. 

[0015] It faces forming the semiconductor device which has the zener diode concerning this invention, 
and other semiconductor devices on the same substrate, and the zener diode whose ON resistance 
applied to this invention at the same process process with other semiconductor devices was stable can be 
formed by the above approach, without increasing a process routing counter. 
[0016] 

[Embodiment of the Invention] With reference to an accompanying drawing, an example is given to 
below and the gestalt of operation of this invention is explained to it at concrete and a detail. 
Example 1 this example is an example of the zener-zap diode concerning this invention, and is an 
example in which the zener diode applied to this invention at the same process as an NPN bipolar 
transistor and the same process is formed. Drawing 1 is the substrate sectional view showing the layer 
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structure of the semiconductor device which comes to install the zener diode and the NPN bipolar 
transistor of this example. The zener-zap diode 40 (simply henceforth zener diode 40) of this example is 
installed on the same semi-conductor substrate 42 as the NPN bipolar transistor 41, as shown in drawing 
1. 

[0017] n mold epitaxial semi-conductor layer 44 by which zener diode 40 was formed on the p type 
semiconductor substrate 42, p mold isolation field 46 formed in n mold epitaxial layer 44, The LOCOS 
oxide film 48 for isolation formed on p mold isolation field 46, It has p mold anode field 50 formed in n 
mold epitaxial layer 44 surrounded with p mold isolation field 46 and the LOCOS oxide film 48, and n 
mold cathode field 52 formed in p mold base region 50. In p mold anode field 50 and n mold cathode 
field 52, the anode electrode 54 and the cathode electrode 55 have flowed, respectively. Furthermore, 
zener diode 40 has the anode ejection diffusion field 58 of p mold which is under the LOCOS oxide film 
48 for isolation, another LOCOS oxide film 56 of the almost same thickness, and the LOCOS oxide film 
56, and adjoined the anode field 50, and was formed in the bottom of the anode electrode 54 in n mold 
epitaxial layer 44. Furthermore, field oxide 60 is formed on n mold epitaxial layer 44 and the LOCOS 
oxide film 48, and 56. Through the contact plug which embedded the contact hole which penetrates field 
oxide 60 and the LOCOS oxide film 56, the anode electrode 54 flowed to the anode ejection diffusion 
field 58, and the cathode electrode 55 has flowed through it to n mold cathode field 52 through the 
contact hole 61 which penetrates field oxide 60. 

[0018] The anode electrode 54 consists of a barrier metal layer 64 which touches the anode ejection 
diffusion field 58 at the bottom of a contact hole 62, and touches the LOCOS oxide film 56 and field 
oxide 60 in the side, for example, the TiON film, and an aluminum alloy layer 66 by which the 
laminating was carried out to the barrier metal layer 64, as shown in drawing 1 (a). It consists of a 
barrier metal layer 64 to which the cathode field 52 is touched at the bottom of a contact hole 61, and the 
cathode electrode 55 also touches field oxide 60 in the side, for example, the TiON film, and an 
aluminum alloy layer 66 by which the laminating was carried out to the barrier metal layer 64. 
[0019] Since the contact hole 62 of the anode electrode 54 has penetrated the LOCOS oxide film 56 in 
addition to field oxide 60, its aspect ratio is large. Therefore, in the contact hole 62, the coverage of the 
barrier metal layer 64 is bad, and as the pars basilaris ossis occipitalis of a contact hole 66 especially 
shows to drawing 1 (a), the barrier metal layer 64 is extremely thin. Therefore, with the zener diode 40 
of this example, since it is necessary to hardly take into consideration the thickness of the barrier metal 
layer 64 and the aluminum alloy layer 66 touches Si of a LOCOS oxide film substantially, ON 
resistance stabilized like the zener-zap diode which is not equipped with a barrier metal layer can be 
shown. 

[0020] Below, how to form the zener diode 40 of this example at the same process and the same process 
in parallel to formation of the NPN bipolar transistor 41 (simply henceforth a transistor 41) is explained, 
referring to drawing 2 (a) and (b). First, as shown in drawing 2 (a), n mold embedding layer 68 is 
formed in p mold substrate 42, and, subsequently n mold epitaxial layer 44 is formed. Next, p mold 
anode ejection diffusion field 58 is formed with p mold isolation field 46 for isolation. Then, n mold 
plug layer 70 used as the collector ejection of a transistor 41 is formed. Furthermore, the LOCOS oxide 
film 56 is formed with a LOCOS oxidation style on the anode ejection diffusion field 58 of zener diode 
40 with the LOCOS oxide film 48 for isolation. 

[0021] Subsequently, as shown in drawing 2 (b), p mold anode field 50 of zener diode 40 is formed with 
p mold base region 72 of a transistor 41 . Furthermore, n mold emitter region 74 of a transistor 41 and n 
mold collector contact field 76, and n mold cathode field 52 of zener diode 40 are formed in 
coincidence, and, subsequently to the whole substrate surface, the field insulator layer 60 is formed. 
[0022] Furthermore, as shown in drawing 1 , in order to carry out opening of the contact hole 61 which 
penetrates field oxide 60 in order to form the emitter electrode 78 of a transistor 41, a base electrode 80 
and a collector electrode 82, and the cathode electrode 55 of zener diode 40 and to form the anode 
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electrode 54, opening of the contact hole 62 which penetrates field oxide 60 and the LOCOS oxide film 
56 is carried out at the same process. Then, patterning of the barrier metal layer 64 and the aluminum 
alloy layer 66 is formed and carried out as a metal for electrode ejection. 

[0023] Thus, since the contact hole 62 of the anode electrode 54 of zener diode 40 becomes deep' [ the 
thickness of the LOCOS oxide film 56 ] by having formed each electrode compared with the contact 
hole 61 of other emitter electrodes 78, a base electrode 80, a collector electrode 82, and the cathode 
electrode 55, the coverage of the barrier metal layer 64 in the electrode edge in contact with the anode 
ejection diffusion field 58 gets worse. For this reason, the on resistance value which the barrier metal 
layer 62 becomes easy to be torn at the time of the destructive short circuit of the PN junction of zener 
diode 40, and was stabilized is acquired. Therefore, zener diode which has the. stable on resistance value 
is realized, without making the number of processes increase. 

[0024] Example 2 this example is another example of the zener diode concerning this invention, and is 
installed on the same substrate as the NPN bipolar transistor of the same configuration as an example 1 . 
Drawing 3 is the substrate sectional view showing the layer structure of the semiconductor device which 
comes to install the zener diode and the N*PN bipolar transistor of this example. The same sign is given 
to what shows the part same among the parts shown in drawing 4 of drawing 3 and an example 3 as 
drawing 1 and drawing 2 , and the explanation is omitted. As shown in drawing 3 , the zener diode 84 of 
this example adjoins p mold anode ejection field 58 of the zener diode 40 of an example 1, and has the 
same configuration as the zener diode 40 of an example 1 except for having n mold cathode diffusion 
field 86 which encloses n mold cathode field 52. Moreover, in this example, the transistor of the same 
configuration as the transistor 41 of drawing 1 is formed on the same substrate as zener diode 84. n mold 
cathode diffusion field 86 is a field where n mold high impurity concentration is thinner than n mold 
cathode field 52. 

[0025] In this example, n mold cathode diffusion field 86 of zener diode 84 is formed at the same 
process as formation of n mold plug layer 70 for collector ejection of a transistor 41, and p mold anode 
ejection field 58 of zener diode 84 is formed at the same process as formation of p mold isolation field 
46. Therefore, this example has realized zener diode which can do so the same effectiveness as the zener 
diode 40 of an example 1, without increasing the number of processes. 

[0026] Example 3 this example is another example of the zener diode concerning this invention, and is 
installed on the same substrate as PMOSFET and NMOSFET. Drawing 4 is the substrate sectional view 
showing the layer structure of the semiconductor device which comes to install the zener diode, 
PMOSFET, and NMOSFET of this example. The zener diode 90 of this example is formed on the same 
p mold substrate 42 as NMOSFET?) 1 and PMOSFET92, as shown in drawing 4 . Zener diode 90 adjoins 
the anode ejection diffusion field 58 between the anode electrode 54 and the cathode electrode 55, and is 
p. - It has a well 93 and is p. - It is in a well 93 and has the same configuration as the zener diode 40 of 
an example 1 except for adjoining under the cathode electrode 5*5 to n mold cathode field 94 and n mold 
cathode field 94, and having p mold anode field 96. NMOSFET91 and PMOSFET92 consist of usual 
structures, as shown in drawing 4 , and NMOSFET91 is p. - In a well 93, PMOSFET92 has the gate 102 
n mold source / drain field 98, gate oxide 100, and on it, and has the gate 108 again p mold source / 
drain field 104, gate oxide 106, and on it. 

[0027] Zener diode 90 is p. - A well 93 is p of NMOSFET91. - It is the same process as a well 93, and is 
the process as the source / drain 98 of NMOSFET that the cathode field 94 is the same, and the anode 
field 96 is the same process as the source / drain 104 of PMOSFET92, and it is formed, respectively. 
Thereby, this example has realized zener diode which can do so the same effectiveness as the zener 
diode 40 of an example 1, without increasing the number of processes. 

[0028] In example 4BiCMOS, a cathode field is formed with the structure which combined the example 
3 from the example 1, for example, the same process as the source/drain of NMOSFET, and an anode 
field can be formed at the same process as the base of an NPN bipolar transistor. 
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[0029] 

[Effect of the Invention] According to this invention, the diffusion layer of the usual bipolar component 
or CMOS is used as a diffusion layer of zener-zap diode. Under the field oxide of the electrode 
formation field of one [ at least ] electrode of an anode electrode and a cathode electrode Prepare another 
insulator layer and opening of the big contact hole of the aspect ratio which penetrated field oxide and 
another insulator layer is carried out. By connecting one electrode to a correspondence diffusion field 
through the contact hole embedding plug which consists of a wiring metal and a thin barrier metal layer 
of the lower layer, electrode structure has the thin-film-ized barrier metal layer according to aggravation 
of the coverage at the time of membrane formation of barrier metal. Thereby, at the time of short circuit 
destruction of a PN junction, it becomes equivalence mostly with a barrier metal layer not existing, and 
zener-zap diode which was excellent without the addition of a process process in ON resistance can be 
realized, this invention approach has realized the approach of manufacturing without the addition of a 
process process the semiconductor device in which the zener diode of this invention and other 
semiconductor devices were made installing side by side. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the zener-zap diode which has a barrier metal layer in the electrode structure of an anode 
electrode and a cathode electrode Under the field oxide of the electrode formation field of one [ at least ] 
electrode of an anode electrode and a cathode electrode The big contact hole of the aspect ratio which 
another insulator layer was prepared and penetrated field oxide and another insulator layer It is the 
zener-zap diode which opening is carried out in order to connect one electrode to the diffusion field 
corresponding to the electrode, and is characterized by connecting one electrode to a correspondence 
diffusion field through the contact hole embedding plug which consists of a wiring metal and a thin 
barrier metal layer of the lower layer. 

[Claim 2] Zener diode according to claim 1 characterized by being the same thickness with the 
membrane type as the insulator layer for isolation surrounding an active region with same another 
insulator layer. 

[Claim 3] Zener-zap diode according to claim 1 or 2 with which the cathode field and anode field of 
zener-zap diode are characterized by being constituted by the emitter diffusion layer and base diffusion 
layer of an NPN bipolar transistor, respectively. 

[Claim 4] The manufacture approach of the semiconductor device characterized by being zener-zap 
diode given in any 1 term of the claims 1-3, and the manufacture approach of a semiconductor device of 
having an NPN bipolar transistor at least, forming the emitter diffusion layer of an NPN bipolar 
transistor, and the cathode field of zener-zap diode at the same process, and forming the base diffusion 
layer of an NPN bipolar transistor, and the anode field of zener-zap diode at the same process. 
[Claim 5] The manufacture approach of the semiconductor device characterized by being zener-zap 
diode given in any 1 term of the claims 1-3, and the manufacture approach of a semiconductor device of 
having an NPN bipolar transistor at least, forming n mold plug diffusion layer for collector ejection of 
an NPN bipolar transistor, and the cathode field of zener-zap diode at the same process, and forming p 
mold isolation diffusion layer of an NPN bipolar transistor, and the anode field of zener-zap diode at the 
same process. 

[Claim 6] The manufacture approach of the semiconductor device characterized by being zener-zap 
diode given in any 1 term of the claims 1-3, and the manufacture approach of a semiconductor device of 
having NMOSFET and PMOSFET at least, forming the source / drain diffusion layer of NMOSFET, 
and the cathode field of zener-zap diode at the same process, and forming the source / drain diffusion 
layer of PMOSFET, and the anode field of zener-zap diode at the same process. 
[Claim 7] The manufacture approach of the semiconductor device characterized by being zener-zap 
diode according to claim 1 or 2 and the manufacture approach of a semiconductor device of having an 
NPN bipolar transistor and PMOSFET at least, fonning the emitter diffusion layer of an NPN bipolar 
transistor, and the cathode field of zener-zap diode at the same process, and forming the source / drain 
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diffusion layer of PMOSFET, and the anode field of zener-zap diode at the same process. 
[Claim 8] The manufacture approach of the semiconductor device characterized by being zener-zap 
diode according to claim 1 or 2 and the manufacture approach of a semiconductor device of having an 
NPN bipolar transistor and NMOSFET at least, forming the source / drain diffusion layer of NMOSFET, 
and the cathode field of zener-zap diode at the same process, and forming the base diffusion layer of an 
NPN bipolar transistor, and the anode field of zener-zap diode at the same process. 



[Translation done.] 
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